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NATIONAL ADViSORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

for the 

Air Materiel C.ommand, Army Air Forces 

WIND-TUNNEL INVESTIGATION OF THE LOW-SPEED CHARACTER- 

ISTICS OF A l/$-SCALE MODEL OF THE REPUBLIC x3-91 
AIRPLANE 11ITH.A VEE AND A CoNVENTIONAL TAIL 

By James A. Weiberg and Warren E; Anderson 

Low-speed wind-tunnel tests of a l/&scale model. of the 
Republic XP-91 airplane were made to determine its low-speed 
characteristics and the relative Eerits of a vee and a 
conventional tail on the model. 

The results of the tests showed that for the same amount 
of longitudinal and directional. stability the conventional 
tail gave less roll due to sideslip than did the vee tail, 
The directional stability of the model was considered Pnade- 
quate for both the vee and conventional tails; however, 
increasing the area and aspect ratio of the conventional 
vertical tail provided adequate directional stability. It ' 
was possible with negative wing dihedral and open main landing- 
gear doors to reduce the excessive roll due to sideslkp for 
the landing configuration (flaps and gear do>=) to a more 
reasonable value commensurate with the aileron power. The 
use of variable wing incid.ence to adJust the longitudinal 
balance was sufficiently effective to reduce the predicted up- 
elevator required for landing by approximately 5O. 

INTRODUCTION 

Preliminary tests of a L/&-scale model of the Republic 
XP-91 airplane were made in the 7&-- by l&foot Wright Brothers 
wind tunnel at the Massachusetts Institute of Technology. 
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These tests indicated that the airplane with the original vee 
tail would have insufficient directional stability and exces- 
sive roll due to sideslip. Consequently, a new tail with 
conventional horizontal and vertical surfaces was designed and 
built by the Republic Aviation'Corporation for the l/&scale 
model. At the request of the Air Materiel Command, U. S. Army 
Air Forces, the tests reported herein were made with the model 

. in the Ames 7- by lO-foot wind tunnel to compare the relative 
merits of the vee and the conventional tails, Modifications 
of the conventional tail were made and tested to improve the 
directional characteristics of the model, (Means were also 
investigated for reducing the excessive roll due to sideslip 
that existed for both the vee and conventional tails. The 
tests were. made during the perfod from August 12 to September 
2, 1947. During the testing, the Republic Aviation Corporation 
was represented by Mr, Phillip L. Michel, 

DESCRIPTION OF THE AIRPLANE AND THE MODEL 

The Republic XP-91 airplane is a single-place interceptor 
/ having a strrept-back wing with an inverse taper ratio and swept- 

back tail surfaces, j The wing incidence can be varied in flight 
to adjust the longitudinal balance and to reduce the fuselage 
angle of attack in approaches and landings, 

The povrer plant of the airplane comprises three units: 

1. A J-47 (TG-190) turbo-jet engine supplied with air 
from an intake in the fuselage nose and exhausting from the 

\ rear of the fuselage, 

2. Four lOOO-pound-thrust rockets also exhausting from 
the rear of the fuselage and supplied with fuel from external 
droppable tanks slung under the wings. 

3. Two 600-pound-thrust rockets. 

The gross TFeight of the airplane varies from approximately 
15,000 pounds empty to 29,000 pounds fully loaded, 

b The general arrangement of the airplane with the vee and 
~ the conventional tails is shovn in figure 1, and the major 

airplane dimensions are given in table.1. The two tail types, 
includ.ing the three sizes of vertical surfaces for the conven- 
tional tail, are shown in figure 2, 

------ ___._ -.._ 
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The model tested brig. 3) represented the airplane to 
one-eighth scale with the following exceptions: 

1. The air inlet in the fuselage nose was faired over, 
adding 1.67 feet {full scale) to the fuselage length, 

2. The external Fring tanks were omitted, 
? Only the vee tail an% the right Mng panel were 

constckcted vith movable control surfaces. However, the 
control surfaces vere sealed and were not deflected during 
the tests. 

The model was mounted in the wind tunnel on a single 
strut (fig, 41, Roll-ing and pitching moments were measured 
by resistance-tpoe electrical strain gages 7.ithin the model, 
All other forces and moments were measured by the t?ind- 
tunnel balance system. 

SYGBOLS AND COEFFICIENTS 

All data are presented as standard NACA coefficients 
corrected for sup;Dort,tares, tunnel-rrall interference, and 
stream inclination. Corrections for tunnel-wall interference 
and stream Inclination are given in the appendix. All force 
coefficients are referred to the W.nd axes. Yawing- and 
pitching-moment coefficients are given about the stability 
axes and rolling-moment coefficients about the body axes. 
These systems of axes2 are each composed of three mutually 
--PI-----__ e--.-._- -- - -__L- 
lIf rolling moments are transferred to the stability axes, 

they are reduced by approximately 2 percent at an angle 
of attack of 12" and 0 percent at an angle of attack of 0'. 

2The longitudinal axis for the wind-axes system remains 
parallel to the relative Wind; for the stability-axes 
system the longitudinal axis ~8~'s Mth the model, remain- 
ing at an angle of attack of.0 as the model is pitched; 
for the body'axes system, the longitudinal axis ya?:s and 
pitches @th the model, remaining parallel to the body 
axis of the model, The directional axis remains in the 
plane of symmetry for all the systems of axes, 

m--- ----- 

---.. ..-.j_e._s --- :-.-_-- .-_-__ .  -_ - _._. _ -._ _;__ 
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perpendicular axes t--ith i%eir origins at a center of gravity 
of the airplane located on the fuselage reference line and lg 
percent of the H.A.C, aft of the leading edge of the &A,C. 

The angle of attack is referred to the wing reference 
plane I-hich contains the fuselage reference line when the wing 
incidence is O". The angle of yaw is referred to the plane of 
s.ymmetrs. 

Coefficients and symbols used throughout the report are 
defined in the appendix, 

. RESULTS AND DISCUSSION 

The tests to determine the lateral characteristics were 
run at a Reynolds number of 1,600,000, while those to determine 
the longitudinal characteristics Tprere run at a Reynolds number 
of 1,100,000. In order to ascertain the effects of Reynolds 
number, tests were made with a net installed in the wind 
tunnel ahead of the model for the purpose of increasing the 
stream turbulence and, thereby, the effective Reynolds number. 
With the net, a maximum effective Reynolds number of 3,500,OOO 
was obtained (full-scale Reynolds number at 120 mph is 
12,000-,000), Within this test range (1.1 to 3.5 X 106) the 
effect of Reynolds number on the aerodynamic charapteristics 
of the model was negligible, . 

Comparative Effectiveness of Vee 

and Conventional Tails 

Lateral characteristics .-- -m-m. ---__._. .- --._ _.. _ __- -2 - A comparison of the lateral 
characteristics of the model with vee tail and the three conven- 
tional tails is shown in figures5 and 6 for the model with the 
flaps and gear retracted and extended, respectively, The 
lateral characteristics of the model with the tail removed are 
shobrn in figure 7. Data are presented for several angles of 
attack. These data prere obtained with a dihedral and wing 
incidence of O", IhTith the exception of the data for the medium 
vertical tail. The data for this vertical tail were obtained 
with a Mng dihedral of -5+5’ and a wing incidence of 6O; how- 
ever, the effect of dihedral and wing incidence on Cn$ and 

--- ___- __--.--I_ ._______ --- 



or tunnel--wall InTerI-erence 

NASA RX No. SA7LO7 ~" 5 

CYqJ 3 Oras found to be small and will be discussed later, The 
variations of the stability parameters, 
with U.ft coefficient have been "w and Cl,,,* 

evaluated from figures 5, 6, 
and 7 and are presented in figure g, ,It is noted that ti?e 
directional-stability parameter cnlJ was nearly constant 
with lift coefficient and that both the vee tail and the 
conventional tail, for the same effective vertical area,5 
gave nearly neutral directional stability. Increasing the . 
area and aspect ratio of the conventional vertical tail 
increased the.directional stability as shown in figure & 

Comparison of the lateral-stability parameters GQ, for 
the four tails (fig. g> indicates that the vee tail gave 
slightly mere roll due to sideslip than the conventional tail 
for the same effective vertical area, 

Longitudinal characteristics,- A com3arison of the 
lon~i~~~n~~~~~~~~~~istics of the model-Mth the vee and 
conventional tails (93th the small vertical) is presented in 
figure 9 along with tail-off data, This figure shows that 
the static longitudinal stability (as measurr.3. by dSm/dCL) 
of the model t?Tas approximately the same for both the vee and 
the conventional tails. 

Figure 9 show a large change in balance (Demo = 0.04) 
between the vee and conventional tails, Since, from con- 
sideration of their relative geometric locations, the two 
tails appear to have been operating in similar dowwash fields, 
a large -part of the change in balance a?;Gears to have been due 
to a difference in tail incidence (intended to be zero for 
both tails), A difference in tail incidence of approximately 
2' would account for the change in balance. The absolute - 

--. 
3The rolling -moment data for the medium vertical tail were 

in error and hence are not presented. 

4 Values of Cq, and CQ 
3~2' of yaw. _ 

Mere measured between approximately 

"From reference 1, the effective vertical area of an unswept 
vee tail is equal to COS' r times the actual area, 

~~__I -^.~ .-_. up - -- ___ _ _ .  .  .  .  -.-.. - --.,_ =-- __-s-- _.._ ..--_ c_, ._._---- “--. r-_--- 
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magnitude of the tail. incidence on the model >?as not readily 
measurable and hence no check of the tail incidence was made 
during the tests, The test data, however, have been checked 
and no errors in comgutatibn have been found. 

The lift characteristics of the model were similar for 
both the vee and conventional tails (fig. 9). 

Roll I!ue to Sideslip 

With the flaps and gear down, the data of figure g indicate 
that maximum values of % of 0.0060 and 0.0053 Ml1 be 
attained at a lift coefficient of 0.73 for the airplane with 
the vee and small conventional tails, respectively. Reference 
2 indicates that large increases in Reynolds number may tend 
to increase this value at higher lift'coefficients so that for 
the full-scale airplane the maximum value of CZJI may be even 
higher than that indicated bv figure 8, Full-scale tests of ' 
the ailerons on the XP-91 airplane show that full aileron 
deflection is only sufficient to hold the wings level in a loo 
sideslip with a value of CZ$ of 0.003. These data, therefore, 
indicate that means should be provided for reducing the maximum 
rolling moment due to sideslip. 

Ef&_ct of_n_e~~~~e-_a,fhe~~~~~- Results of tests with the 
vee tail to determine the effect of -5.5’ of wing dihedral6 on 
the lateral characteristics of the model are shopm in figure 
10. The values of %J obtained from figure 10 are presented 
in figure- 11 and compared 14th those for a l+ng dihedral angle 
of o". These data shop: that‘-5,5' of *5ng dihedral contributed 
a Cz$r of approrimately -0.001, vhich compares favorably >rith 
that predicted using references 3, 4, and 5. 

Effect of landing-gear doors.- The main land.ing gear on W.--e- - --_ _ .-- -- - d..W 
the XP-91 aimlane retracts-outboard into the T,-ing tips be- 
cause of the greater depth available at the tips as a result 
of the inverse taner. When the wheels are lovlered, large doors, 
which normally cover the wheel wells, are opened (fig. 12). 
--- ---- ---II__ w I ---e-.-m- 
6The model was tested with -5.5’ of wing dihedral; however, -5’ 

dihedral is the maximum that can be built int'o the airplane 
and still maintain ground clearance. 

__I------ -..---- ---II_1 

‘\--s---.----.- - __I_--- -~-~ 
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The doors have a total area of 2&,5 square feet (full scale) 
or 7.7 Bercent of the wing ark~."'".-~h~~~~ateral characteristics 
of the model Tt%th these doors open are shop:n in figure 13 for 
two angles of door opening. 
reduce Ct 

The ability of the doors to 
$ is shor$% In figure 11 lIThere it may be seen that 

the doors reduced the maximum value of Czq by as much as 
0.002 for the 120' opening. 

Thus, at the Reynolds number of these tzsts, the maximum 
value of Cz$ for the landing configuration was reduced 
nearly to the allowable 0.003 with -5' dihedral and the open e landing-gear doors. At full-scale Reynolds numbers, hotrrever, 
tM.s peak value may be somewhat higher. 

Effect of Fing Incj.dence 

The Mng on the XP,Vl airplane is equipped Tntith a 
mechanism for addusting the incidence in flight from 0' (high- 
speed level flight) to 6O (landing) for the purpose of 
adjustfng the longitudinal balance and of reducing the fuse- 
lage angle of attack in asproaches and landings, Changing 
the Mng incidence 14th res;Ject to the fuselage effects a 
change in the tail angle of attack and, consequently, in the 
balancing lift coefficient. This chanpe in longitudinal 
balance for the landing configuration Pflaps and gear down) 
can be seen by comparison of Figure 14 nit'n figure 9. 
Increasing the Qring incidence 6 resulted in an increase of 
O,Oh in the pitching-moment coefficient corresponding to a 
given lift coefficient, pVith approximately no change in 
stsbilitvv. This change in balance p?ould reduce the up 
elevator required for landing by approximately 5'. A reduc- 
tion of 0.1 in the lift coefficient for a constant wing angle 
of attack resulted from rotating the fuselage relatfve %o the 
wing. 

The static lateral characteristics for Ghe landing 
configuration with 6O ?&ng incidence are she: n in figure ls7. 
Com!>arison of figure 15 with the data presented in figures 
6 and 10 shoT*Ts that the lateral characteristics of the model 
were relatively unaffected by the increase in wing incidence. 
.d..-----_ 
7The rolling-moment data obtained for this configuration were 

in error and hence are not presented. 

--- .._._ --_- --=_ __- _ . . . 
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The data for the conventional tail (fig. 15(b)) were obtained 
ttrith -5&5O  wing dihedral. This  difference in dihedral (figs . 
15(b) and 6) had a negligible effec t on C 
by comparing figure 10 with figure 6, 9' as may be seen 

Effec t of F lap Type 
c  The l/$-sca le Model of the XP-91 airplane was originally  
equipped p%th 55-percent-span, 30-percent-chord split flaps  
with a maximum deflec tion of 60'. Hop?ever, the flap design on 
the airplane oras changed to 25-percent-chord plain flaps  having 
a maximum deflec tion of 40'; To determine the effec t of this  
change, the flaps  on the model were revised to correspond to 
those on the airplane, A comparison of the geometry of the two 
flap types on the model can be seen from figures  16 and 3. The 
effec t of the change in flap design on the longitudinal. charac- 
teris tic s  is  shoprn in figure 17. The drag of the plain flaps  
lrT iLs  ap;lrox iMatel.y  40 percent less  and the lift increment 
s lightly  greater at 10~7 angles  of attack  (CCL = n,O 7 at CL = 0') 
than those of the split flaps . The maximum lift (CLMax = l,O g) 
of the Model was apJ]roximately  the same for both flaps * The 
plain flaps  caused a s lightly  smaller change in balance with 
approximately  the same s tatic  longitudinal s tability  (dCm/dL$,) / 
as that obtained with the split flaps . 

/ 
The lateral characteris tic s  tlith the plain flaps  are pre- , 

sented in figure 18, Comparison.of this  figure trith figure 
LO(b) for the split flaps  shows that Cz  was unaffec ted by 
flap type but Cn* 

$ 
>ras 'more negative with plain flaps  

(AC,, = -0,O O lJ . . 

CONCLUSIO N S 

From the foregoing discuss ion of the results  of tes ts  of 
a l/&sca le model of the Republic  XP-91 airplane, the following 
may be said in conclus ion: 

1. For the same direc tional s tability , the conventional 
tail gave less  roll due to s ides lip, This  is  of particular 
importance for swept-wingdes igns ,s ince they  develop high roll 
due to s ides lip at high lift IfThere aileron control becomes 
cr itical. 

. 

- -  - -~  -_ -  _I__I_.__-~ -__l_-~r. -  - - - I _ - -  
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2. By Increasing the area and aspect ratio of- the 
vertical surface adequate directional stability was obtained 
with the conventional tail. 

? The static longitudinal stability of the Model was 
the sike %th both the Gee and the conventlonal_tail, 

h It fa~a.c! possible with negative pring dihedral and open 
main lkdinc-gear doors to reduce the excessive roll due to ' 
sideslip fos ?he landing configuration (flaps and gear doFn) 
to a more reasonable value commensurate k3th the aileron 
porh'er, 

58 The variable Taying incidence gave 'sufficient balance 
change to reduce the predicted up-elevator requlrcd for 
landing by approximately 5O. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

$Ioffett Field, Calif, . 
?r-- 

. APPENDIX 

symbols and Coefficients 
s$mbols and coefficients used throughout the report are 

defined beloW 

CL 

cc 

CY 
t CZ 

CM 

Cn / 
. cn\I, 

lift coefficient 

drag coefficient 

sfde-force coefficient 

rolling-moment coefficient 

pitching-Moment coefficient 

yaT4ng-moment coefficient Z?~%JkU!!SSZ 

rate of change of gay#ring moment with angle of yaw 
degrees 

f - 

- 

. - _ _ -. ___ _ _- .- _. _._.~, -- ̂ _ _- _ .._-.-_ _ - _. ._-.. _. . ---. - - . 
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rate of change of rolling moment with angle of yalr 
degrees * . 

CM at CL = 0 

aspect ratio 

span, feet 

chord, feet 

mean aerodynamic chord, feet 

incidence, degrees , 

dsnamic pressure ($V2), pounds per square'foot 

area, square feet 

vel'ocity, feet per second. 

geometric angle of attack of y-ing reference plane 
(uncorrected), degrees 

angle of attack of wing reference ?Dlane corrected for 
tunnel-wall interference and stream inclination, degrees 

dihedral, degrees 
. _ 

mass density.of air, ‘slugs per cubic foot 
*-. 

angle'of.y& of fuselage plane of symmetry, degrees 

Subscript 5 _1 
W wing . 

Corrections 

Wind-tunnel-wall corrections vrere aDplied to the drag, 
The corre@ions were pitching moment, and angle of attack. 

those for unsplept wings obtained from reference 6, Because of 
the small size of' the Model relative to the wind tunnel, the 
corrections ?rTere small and hence are considered sufficiently 

-I’ 

__--- __._--- -~----~- - _ 
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accurate to apply to the snept wing of this model. The 
corrections were additive and were computed as follows: 

&XT = 67' s c 57*3= 0.46 CL 
c = 

L%DT = 81,~ Q CL2 = 0.0079 CL2 

S = wing area, 5.0 square feet 

c = cross-sectional area of test section, 
70 square feet 

The drag and angle of attack were alst, corrected for 
stream inclination. The corrections '4?rere ad6itive and were 
computed as follow: 

beta = 0.32 

OcDa = 0.22 CL 
57.3 

= 0.0056 CL 

11 
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E 
TABLE I j? 

BASIC DIIIENSIONAL DATA OF TBE BEPUBLIC XP-91 AIPZLANE 
AXD ISODIFICATIONS TO TiiE TAIL 5! 

a-* 
Conventional Tail -we.-. - -"-7-.--D.------a.-'-.------ 

,: Small i Medium i- i . I- Horizontal se.-.- -I_- +- 

-I_-- 

Large 
vertical --.---... 

a;4 59*-Y 
20.6e: i4.67 

5.25 3*59 

33; 6 <_* j ‘jll;ic 
_. (’ 5w 

10.90 
2,03 

. 
52’ -4 

,$ 

- 
Vee tail ---*-- ---.--. .C 

I- I 
I 

Item I Wing 
-we. ---- -- ---.- 

Chord plane 
-_I--- 

----- .--- 

1.0 

3.94 
38O 
00 

Re ublic 
34, t o-.010 

10 

3‘3,9 
16.7 

.437 

5.65. 
1.0 
4.oer 
0 
0 

10 

400 
16.3 

.2% 

Area,\sq ft I 320 
Span, ft 1 31.33 '1.5er --* 

$42) 

.362 

5.47 

14.1 

44.E: 
14.2 

TO547 

i 

i 

i 
i 

1 
J- 

Aspect ratio 
Taper ratio, 

3.07 

1.625 

I . 
:. I 

root chord 
M.A.C., ft LO*59 
Dihedral , varied 
Incidence variable 
Airfoil t 

Section Republic 
/R-4,4$-1510-.9 

Percent thick- ! 
ness (normal to 1 
leading edge) 

9.1. 

Sweep (leading i 
edge) i 

Tail length', ft / 
34.3 . 

-. 
Tail volume, et," / -..-- - --..--L_ 

.- 

36.7 36.7 
14.2 14.6 

.0727 .ots54 - 

' 0.25 M.A.C. tring to 0.25 M.A.C. tail, 
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FIGURE LEGENDS 

Figure l.- General arrangement of the Republic XP-91 
aim3ane. 

Figure 2.- Tails tested on the l/&scale model of the 
Republic Xl?-91 airplane. 

Figure air9;fi;eThe l/d-scale model of the Republic xl-91 
e. l (a) Complete model with vee tail, flaps u,u. 

Figure 3.- Continued. (5) Com>lete model with vee tail, 
flays and gear dolam. 

Figure Z.- Continued. (c) Detail of conventional tail, 

Figure 3.- Concluded, (d> Complete model with tail off, 
flaps and gear doon. 

Figure IL.- Detail of model support. 

Figure 5.- Comparison of lateral characteristics of the 
vee and conventional tails, flags up, (a) au E 00, 

Figure 5.- Continued. (b) au = 4’. 
Figure 5.- Continued. (c) au = $*. / 

Figure 5.- Concluded, (a.1 a, = 12'. 

Figure 6.- Comparison of lateral characteristics of the 
vee and conventional tails, flaps and gear doVn, 
(a> au = 0'. 

Figure 6.- Continued. (b) a, = 4’. 
Figure 6.- Continued. cc> a, = go. 

Figure 6.- Concluded, (a.> ctu = 12'. 

Figure 7.- Tail-off lateral characteristics, (a> Flaps up. 

Figure 7.- Concluded, (b) Flws and gear d.ow. 

Figure &- Effect of tail type and size on the variation of 
the parameters CQ, and * Cnq, with lift coefficient. 

I 
- _ i- _-_..- -. _ __ --_ . -.--_- --- ~I_ -_.----_ __-_--- -L---e-- -..- “-1. -- 



Figure 9.- Comparison of longitudinal characteristics of 
the model TpTith the vee and conventional tails', 

Figure lO.- Lateral characteristics Hth -5.5’ of dihedral, 
vee tail. (a> Flaps up. 

Figure lo,- Concluded. (b) Flaps and gear darn. 
.> 

Figure ll.- Effect of -5.5O dihedral and landing-gear doors 
on the variation of the parameter 
ficient, vee tail. CL@ with lift coef- 

Figure 12.- Detail of landing-gear door. * , 

Figure 13,- Lateral characteristics with landing-gear doors. 
open, vee tail. (a) Landing-gear doors open qO". 

Figure lP.- Concluded, (b) Landing-gear doors open.120°. . I 
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